The drm gene encodes a cystine knot-containing secreted and cell membrane-associated glycoprotein shown to be an antagonist of BMPs. Drm was recently reported to play a crucial role in limb bud development, by its capacity to bind BMPs. Here, we have studied the expression pattern of drm transcripts during chicken development, by using whole-mount in situ hybridization. We show that, from stage 22HH to stage 26HH, in addition to limb buds, drm is expressed in cephalic neural crest-derived branchial arches I, II and III, in the medio-dorsal lip of the myotome and in the super®cial dermatome q
Results and discussion
We initially identi®ed drm as a gene whose expression was down regulated in mammalian cells transformed by various oncogenes and was correlated with terminal differentiation in adult tissues (Topol et al., 1997) . The drm gene product is a secreted and cell-membrane associated glycoprotein (Topol et al., 2000) , belonging to the Dan family of cystine knot secreted proteins, that behave as antagonists of several bone morphogenic proteins (BMP) (Hsu et al., 1998; Pearce et al., 1999; Piccolo et al., 1999) . By its capacity to bind BMP2, BMP4 and BMP7, Drm controls outgrowth, chondrogenesis and programmed cell death, during chicken and mouse limb development (Capdevila et al., 1999; Merino et al., 1999; Zuniga et al., 1999) .
To further elucidate the role of drm during development, we analyzed its expression pattern in chicken embryos at stages 10±26HH (Hamburger and Hamilton, 1951) , by whole-mount in situ hybridization.
drm transcripts were not detectable at stage 10HH (data not shown). At embryonic day 3(E3), from stage 18 to 20HH, drm was speci®cally detected only in limb buds (Fig. 1A,B ). This expression was maintained and strengthened at stage 22HH, as previously described (Merino et al., 1999) . We also observed that drm was expressed in the central part of branchial arches (Ba) I, II and III (Fig. 1C) .
In particular, it was strongly expressed in the mandibular and maxillar processes of the Ba I ( Fig. 2A) . This labeling persisted up to stage 26HH, where only Ba I and II are visible ( Fig. 1D ,E). Transverse sections through the head region of embryos at stage 24HH, showed that drm labeling was always limited to the most external part of the mesenchyme of Ba I, II and III, immediately under the ectoderm (Fig. 2B±D) .
From stage 22HH onwards, small dots aligned on both sides of the neural tube in the trunk region were detected ( Fig. 1C) . At stage 24HH, these dots extended from the anterior part of the wing bud to the posterior limit of the leg bud. They alternated with transverse bars, visible only between anterior and posterior limb buds (Fig. 1D ). This suggested that drm was expressed in metameric structures. To visualize these structures, embryos were subjected to whole-mount immunostaining with 13F4 monoclonal antibody, a marker of the muscle lineage (Rong et al., 1987) . At this stage 13F4 antibody stains only the lateral half of the myotome. We observed that drm`dots' corresponded to the caudal part of each myotome, whereas`bars' coincided with the intermyotomal region (Fig. 3A) . Transverse sections showed that dots corresponded to a small group of cells located in the medio-dorsal lip of the myotome whereas bars were composed of cells located in the super®cial dermatome (Fig. 3B) . At stage 26HH dots were not detected, indicating that drm was no longer expressed in the myotome. In contrast, we found that it was always expressed in the dermatome following an increasing rostro-caudal gradient. However, expression was restricted to the lateral part of the dermatome, in a region that may correspond to the junction between epaxial and hypaxial mesoderm (Fig. 1E) . By comparing drm expression pattern in chicken embryos to those established in Xenopus (Hsu et al., 1998) and mouse (Pearce et al., 1999) we noted the existence of significant differences. Although gremlin, the Xenopus ortholog of drm, was also expressed in the mandibular segment of the cephalic neural crest, its expression in the other arches was not detected. In contrast to chicken embryos, drm transcripts were detected in both dorsal and ventral neural crest cells along their migration pathways in the trunk and the ®n, in the pronephric duct, and, as in mouse embryos, in the roofplate of the neural tube. However, drm expression in the dermamyotome was not described. On the contrary, in early mouse embryos, drm was expressed in the lateral presomitic mesoderm and in the lateral-most aspects of the developing somites, and at later stages, in the medial and lateral edges of dermamyotome.
Materials and methods

Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed as described by Pourquie Â et al. (1996) . Chicken drm riboprobe was synthesized on a cDNA fragment isolated by RT-PCR and cloned into Bluescript vector (Stratagene). Primers used were: 5 H (5 H GATGGTCCGCACACTGTATG 3 H ) and 3 H (5 H AGGTGATTCACTGGGTTCCT 3 H ).
Whole-mount immunostaining
Following whole-mount in situ hybridization, embryos were washed with PGTA (2% gelatine, 0.25% Triton, 0.1% azide in PBS) and incubated for 48 h in 13F4 antibody diluted 1/20 in PGTA. The signal was ampli®ed using an avidin/biotin kit (Vectastain) and detected with the peroxydase substrate dianinobenzidin (Sigma).
